We present 88 H profiles for 24 pulsating variable stars with periods between 1 and 3 days in order to explore the behavior of this line in type II as compared with classical Cepheids. Surprisingly, large velocity differences were found between H and the metal lines in some type II Cepheids. Strong emission was observed in three stars, VZ Aql, NW Lyr, and V439 Oph, while line filling by incipient emission is present in seven others. All of the stars with emission and most with incipient emission belong to Diethelm's AHB2 class, and the emission is associated with the secondary bump on the rising branch of the light curve. Two stars, BF Ser and MQ Aql, show doubling of the core near maximum light, and asymmetry of the line is noted in some spectra.
INTRODUCTION
Since the pioneering studies of Joy (1949) , it has been known that the spectra of long-period type II Cepheids (also referred to as W Virginis stars and classed as CWA in the General Catalogue of Variable Stars [GCVS; Kholopov 1985 Kholopov , 1987 ) and RV Tauri stars often exhibit strong emission lines of hydrogen, particularly H (see, e.g., Kraft, Camp, & Hughes 1959; Lèbre & Gillet 1992; Pollard et al 1997) . In the case of the short-period type II Cepheids (also known as BL Herculis stars and classed as CWB in the GCVS), relatively weak hydrogen line emission has been reported (Abt & Hardie 1960; Preston & Kilston 1967; Gillet et al. 1994; Vinko et al. 1998 ) but appears to be rather uncommon (see, e.g., Harris & Wallerstein 1984) . Although Loomis & Schmidt (1989) reported strong H emission in the spectrum of HR Aur (P = 1.63 days), they concluded that the GCVS classification of CWB was in error; it is probably an interacting binary. The behavior of type II Cepheids is in contrast to that of the classical Cepheids, where hydrogen emission seldom occurs and is very weak when it does (Schmidt 1970) .
Other indications of the different behavior of the atmospheres of type II as compared with type I Cepheids are found in the velocity differentials between H and the photospheric metal lines and by doubling of the core of H. Vinko et al. (1998) have summarized these phenomena for stars with periods less than 10 days.
While these previous studies have provided a broad outline of the behavior of H in type II Cepheids, the number of stars included has been too limited to provide a detailed picture. In addition, some of the earlier studies employed photographic spectra, which suffer from poor signal-tonoise ratios and nonlinearity. To address these shortcomings, we undertook a spectral survey using modern detectors. Most of the approximately 85 stars in the survey were drawn from the CWA and CWB stars in the GCVS, but we also included some classed as CEP (Cepheids of uncertain type) to expand the sample and some classed as DCEP (classical Cepheids) to provide comparisons. In this paper, we present and discuss 88 spectra of the 24 shortest period stars in the sample (P < 3 days). These stars include about 70% of the CWB stars in the GCVS with periods less than 3 days accessible from Behlen Observatory, where the photometry for this program is being conducted.
OBSERVATIONS
The stars discussed here are listed in Table 1 , where column (1) gives the names of the stars, and column (2) their classification from the GCVS. Column (3) lists the metallicity from Harris (1981a Harris ( , 1981b , Harris & Wallerstein (1984) , or Diethelm (1990) . There are only a half-dozen stars in common between the first three sources and the fourth. Excluding one outlier, the abundance scales agree closely, with a scatter of less than 0.5 dex. Columns (4) and (5) list the periods and epochs used to calculate phases for the spectra. These were determined from the photometry referenced in the last column. For most of the stars, we have recent photometry, which will be published at a later time. We are confident of the phasing of the spectra of these stars, while the phases for the others should be treated with caution. In column (6), the phase of minimum light relative to these ephemerides is listed. For relatively flat-bottomed light curves, the minimum is difficult to locate with certainty in the presence of scatter. In those cases, the point at which the rise toward maximum appeared to begin was selected. In column (7), we give the amplitudes of the V magnitude derived from the same photometry. Diethelm (1983) identified several types of light curves among short-period Cepheids. He designated stars with smooth light curves and a rapid rise to maximum, reminiscent of the type ab RR Lyrae stars, RRd. Some stars exhibit a strong hump during rising light and consequently a longer rise time. Diethelm called this group CW. Stars with a hump on the descending branch of the light curve were classed as BL. Finally, stars with a relatively gradual rise to maximum and low galactic latitudes were considered classical Cepheids (C). In a later paper (Diethelm 1990) , he renamed the first three groups to avoid confusion with other usages of the same terminology. Assuming all of these stars have evolved off of the horizontal branch, he adopted the notation AHB (above horizontal branch) so RRd became AHB1, CW became AHB2, and BL became AHB3. He also added the designation SA for classical Cepheids with nearly sinusoidal light curves. In the latter paper, he also showed that this morphological classification is astrophysically meaningful in that the classes have distinct metallicities that average [Fe/H] = À1.2 AE 0.3 for the AHB1 stars, [Fe/H] = À0.4 AE 0.2 for the AHB2 stars, [Fe/H] = +0.2 AE 0.2 for the AHB3 stars, and À0.1 AE 0.3 for the C stars. This classification will provide a useful structure for our discussion, and we have listed the types in column (8) of Table 1 . For those stars not listed by Diethelm (1983 Diethelm ( , 1990 , types were assigned by examination of the light curves and are listed in parentheses.
The spectra were obtained at Kitt Peak National Observatory during 2001 July and 2002 September/October and at Apache Point Observatory during 2002 June. At Kitt Peak, we used the GoldCam Spectrograph on the 2.1 m telescope (Massey et al. 2000) . 3 The detector was a Ford 3K Â 1K CCD trimmed to 2000 pixels in the direction of dispersion. The spectrograph was configured to produce a dispersion of 0.62 Å pixel À1 . b This star has a double hump that makes the identification of the phase of maximum somewhat arbitrary (see Diethelm 1983 for a plot of the light curve). We have taken the second hump that is slightly brighter as the maximum. The first hump, regarded by Diethelm as the maximum, occurs at phase 0.83 with our ephemeris. There is a gradual rise from minimum for about a tenth of a cycle followed by a steep rise to the first hump. We have adopted the beginning of the gradual rise as minimum. The beginning of the rapid rise occurs at phase 0.72.
c Based on only two recent photometric measurements. d The period of CN CMa is from Diethelm (1986) based on photographic photometry by Deurinck (1948) . The only modern photometry available is a set of seven points from Behlen Observatory. Hence, the epoch, amplitude, and phase of minimum are only approximate.
e The type of the light curve is uncertain. This star is included with the AHB3 stars in the discussion.
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Emission, core doubling, and velocity differentials in H are known to be associated with phases of outward acceleration of the atmosphere. This roughly coincides with the interval of rising light, so our observations were preferentially made between minimum light and 0.05 cycles after maximum light. Other phases were opportunistically observed as a second priority. As a result, just over 60% of our spectra were obtained during rising light.
The choice of exposure times was a compromise between the need for a good signal-to-noise ratio (S/N) and the requirement for a relatively large number of spectra to survey our sample. A S/N greater than 50 per resolution element was deemed adequate to measure the important features of the H profiles, but we generally tried to achieve a value above 75. We estimated the S/N of our extracted spectra by calculating the rms scatter about a linear fit to the continuum in the band from 6720 to 6820 Å . This assumes that line absorption is negligible in that region compared with the random noise. Since there are always some weak lines, this estimate should be regarded as a lower limit.
Due to the lack of up-to-date ephemerides for some stars, the phases were uncertain, and consequently the magnitudes were uncertain. This, along with variations in the observing conditions, resulted in a range of S/N. For about 90% of our spectra, the estimated S/N exceeds 50, and for about three-fourths of them it exceeds 75. We have included the spectra with an estimated S/N of less than 50 in our analysis, but they are flagged with a footnote in Table 2 .
The velocity of the core of H relative to the metal lines provides a useful measure of differential velocities in the atmospheres of pulsating stars. The wavelength of H was determined by fitting a parabola to several points near the minimum flux of the line or in a few cases the maximum of an emission feature. To determine the wavelength shift of the metal lines, we identified lines in the range from 6100 to 6615 Å that persist at the low metallicities of some of our stars but that remain relatively unblended at solar metallicities. The Na D lines were also used for a few stars where the stellar velocity was sufficiently high to separate the stellar a The instrument used for the observations is either (1) the Gold Spectrograph on the 2.1 m telescope at Kitt Peak National Observatory or (2) DIS II on the 3.5 m Apache Point Telescope.
b The lower limit to the S/N less than 50. c Velocities in parentheses refer to an emission peak.
from the interstellar components. For each line in a given spectrum, the central wavelength was determined by fitting a parabola to the core. For the various spectra there were between two and 10 lines that were usable. The internal errors ranged from 7 to 50 km s À1 for a single line (with nearly all less than 20 km s À1 ) resulting in a standard error of the mean for a single spectrum ranging from a few kilometers per second to about 20 km s À1 . As would be expected, larger errors are associated with the more metaldeficient stars where fewer lines could be measured and the weak lines produce greater uncertainties.
In column (5) of Table 2 , we list the velocity differences between H and the metal lines. The standard error in the following column is that calculated for the metal lines, since it dominates over uncertainties in measuring the core of H. In a couple of cases, two values are listed reflecting the fact that the core is split. When there is an emission peak within the profile, its velocity is listed in parentheses.
Finally, in column (7) of Table 2 , we list the depth of H in units of the continuum flux, while in column (8) we list the equivalent width of H. The equivalent width was calculated by integrating the area of the line from the central wavelength outward in steps of 1 Å . When the increase in equivalent width from one step to the next was less than 5%, the integration was stopped. An examination of the spectra indicates that this is a reasonable compromise between incomplete inclusion of the wings of H and inclusion of extraneous absorption from other lines. Although the equivalent width is not used in the discussion below, it is included for future reference.
The region of the spectra around H is plotted in Figures  1-4 . The stars have been grouped according to the Diethelm light-curve types. Each plot is normalized to a continuum level of 1.0 and is offset from its neighbors for visibility. Each spectrum is labeled with name of the star and the phase from maximum light (col.
[3] of Table 2 ). The spectra of multiple observations of individual stars are ordered by phase beginning at 0.5 to facilitate tracing changes before and through maximum. The H profiles are plotted in the rest frame of the stellar atmosphere as measured from the metal lines, and the vertical line indicates the rest wavelength of H. The differential velocities listed in Table 2 are noticeable in the plots as displacements from the vertical line. 
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Cepheids. Vinko et al. (1998) have summarized the behavior of the maximum of the differential velocity over the pulsational cycle, DVel max . They showed that it ranges up to 70 km s À1 for the stars in their sample and increases with period. However, they included a value of DVel max for only one short-period type II Cepheid, BL Her. It had a surprisingly large differential velocity for its period. Note that we have measured the differential velocities for BL Her at three phases and obtained much smaller values. An inspection of Figure 6 of Vinko et al. (1998) shows that the large velocity difference occurred on a single spectrum. Thus, we could have easily missed that phase, although our spectrum at phase 0.94 (see Fig. 3 ) shows broadening, which may be a precursor to the core doubling that is evident in Vinko et al.'s spectrum just after maximum light.
Since the velocity field in the atmosphere of a pulsating star is generated by the acceleration experienced by the atmosphere, larger values of DVel max should be encountered in stars with larger velocity amplitudes. Vinko et al. (1998) explored this by plotting their velocity differentials against the amplitudes in both velocity and magnitude. There is a reasonable correlation of differential velocity with amplitude, and BL Her agrees with the trend defined by the other stars.
In Figure 5 , we plot the absolute value of the largest differential velocity we observed for each star in our sample against the period and against the amplitude in the V magnitude. Although the velocity amplitude is more appropriate, the lack of velocity curves for many stars limits its usefulness, and the magnitude amplitude provides a good proxy. In selecting the largest velocity, we excluded the spectra with emission for NW Lyr, VZ Aql, and V439 Oph, since the location of the absorption minimum is affected by the distortion of the profile. We have also omitted velocities of emission features. Differential velocities for three type I Cepheids from Vinko et al. (1998) , SU Cas, DT Cyg, and SZ Tau, are also plotted. For BL Her, we have used Vinko et al.'s value, since it was larger than ours. Given our limited phase coverage, the velocities must be considered lower limits. Nonetheless, we have sufficient data to provide a clear picture of the behavior of differential velocities in short-period type II Cepheids as compared with classical Cepheids.
It is obvious in Figure 5a that our type II Cepheids do not confirm the trend toward small differential velocities at shorter periods that was suggested by Figure 19 of Vinko et al. (1998) . Similarly, in Figure 5b , we cannot discern the increase in differential velocity with amplitude, which was evident in Figures 20 and 21 of Vinko et al. However , that trend could simply be obscured by our use of lower limits for the differential velocities. Most of our type II Cepheids exhibit differential velocities comparable with or larger than the 10 day stars in the previous sample in spite of being lower limits. There is no apparent separation among the AHB1, AHB2, and AHB3 stars. On the other hand, the classical Cepheids (C and SA) all exhibit smaller differential velocities except for AU Peg and V351 Cep, where |DVel| ! 30 km s À1 . However, AU Peg is classified as CWB in the GCVS and has generally been regarded as a type II Cepheid, albeit a peculiar one (as discussed by Vinko et al. 1998) , while V351 Cep is classed in the GCVS as CWB. Hence, there is reason to question the identification of these stars as classical Cepheids.
We conclude that the short-period type II Cepheids have very dynamic atmospheres compared with classical Cepheids and even compared with longer period stars. In spite of our sparse phase coverage, we see a reasonable separation between the two types of Cepheids. This suggests that measurement of velocity differentials is a promising technique for distinguishing between them at short period.
Line Emission
There are a few instances of obvious emission in our spectra, in particular, in NW Lyr at phase 0.81 (Fig. 2a) , VZ Aql at phase 0.76 (Fig. 2b) , and V439 Oph at phases 0.81 and 0.84 (Fig. 2c) . Weak emission possibly occurs in several other cases, but it is clearly much less certain. Examples are the spectra of BL Her at phase 0.82 (Fig. 3 , which is consistent with the spectra presented by Gillet et al. 1994 and Vinko et al. 1998) , NW Lyr at phase 0.88 (Fig. 2a) , and V477 Oph at phase 0.00 (Fig. 2d) . Thus among 68 spectra of 18 type II Cepheids, mostly taken during phases when emission is most likely, there are only four cases of strong emission features and several possible cases of weak or marginal emission.
We might expect instances when there is no obvious emission but filling of the line will decrease the absorption depth or strength. We will use the central depth of H (col. [7] of Table 2 ) to investigate this. Because other factors have a large influence on the equivalent width, it turned out to be of little value for this purpose. More than 75% of the line depths are between 0.45 and 0.65. In a plot of depth versus phase, all of the instances of depths less than 0.45 fall between phase 0.60 and maximum light. This strengthens the hypothesis that the shallow lines are due to filling by emission. There are 16 spectra that lack obvious emission but that have line depths less than 0.45 in Table 2 ; we will refer to this as incipient emission. These spectra include two in which we suspected weak emission, BL Her at phase 0.82 and V477 Oph at phase 0.00.
Of the 20 spectra with obvious emission or incipient emission, 16 are from six stars classed as AHB2 (V745 Oph, NW Lyr, V971 Aql, VZ Aql, V439 Oph, and V477 Oph), one from a star classed as AHB1 (CE Her), one from a star classed as AHB3 (BL Her), and two from stars with light curves classed as classical Cepheids (AU Peg and BC Aql). 
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As noted above, there is reason to regard AU Peg as a type II Cepheid. BC Aql is classed as CEP in the GCVS, and the shallowness of H may indicate that it is a type II Cepheid in spite of its light-curve morphology.
Of the spectra of AHB2 stars, almost half (16 out of 35 spectra) show emission or incipient emission. The proportion rises to 60% (15 out of 25), if we consider only spectra taken during rising light. Only one spectrum with emission falls outside of rising light (V971 Aql at phase 0.67), and even that one is within the uncertainties of the adopted phase of minimum. On the other hand, only one spectrum out of 10 during rising light for an AHB1 star and one out of four for an AHB3 star show incipient emission. We conclude that emission is common in ABH2 stars during rising light but unusual or perhaps absent in AHB1 stars. We cannot reach a conclusion with regard to the AHB3 stars due to the small number of spectra.
In Figure 6 , we have plotted light curves for the seven AHB2 stars using photometry from the sources cited in Table 1 . The phases of our spectra are indicated by dashes under the light curves. Each is labeled according to the type of H profile observed as follows: '' e '' indicates obvious emission; '' (e) '' denotes incipient emission as indicated by line depth; '' a '' indicates an absorption line of normal depth. We should note that the phasing for V971 Oph is somewhat uncertain due to the paucity of recent photometry.
It can be seen that emission or incipient emission occurred near the strong light-curve bump in all cases. On the other hand, for six of the seven stars in Figure 6 , the spectra lacking emission were all taken at other phases. Based on this, we conjecture that emission appears for a short time around the bump in AHB2 stars. Note, however, that the phases of the onset and disappearance of emission relative to the bump shows some variation among the six stars. This may be due, at least in part, to changes from one cycle to another in the pulsation as suggested by the scatter in some of the light curves. Of the seven AHB2 stars, only V714 Cyg gives no indication of H emission. We emphasize that the spectra cover the part of the light curve where emission occurred for other AHB2 stars. Noting that the classification of V714 Cyg is uncertain, we suggest that V714 Cyg is not, in fact, an AHB2 star.
Line Doubling and Asymmetry
Doubling of the core of H has been reported in at least one short-period type II Cepheid, BL Her (Gillet et al. 1994; Vinko et al. 1998) . It is also apparent in our spectrum of MQ Aql (Fig. 1a) , where the two components are separated by about 100 km s À1 . Our H profile for BF Ser (also Fig.  1a ) exhibits a shoulder on one side, which suggests a second component about 90 km s À1 longward of the deepest part of the core. Given the resolution of most of our spectra, 2 Å or 90 km s À1 at H, we cannot detect multiple components of the line core spaced much more closely than this and, in fact, the doubling in BF Ser is only marginally detected. Hence, we have added two more stars to the list of short-period type II Cepheids with known core doubling but cannot use our spectra to comment on the prevalence or location in the cycle of this phenomenon.
Asymmetries are apparent in a number of the profiles displayed in Figures 1-4 . Many of these are also profiles that show a significant redshift in the core. In some cases, e.g., NW Lyr at phases 0.88 and 0.93, VZ Aql at phase 0.92, V745 Oph at phase 0.99, and V477 Oph at phase 0.11, these spectra are from stars with emission and are at phases close in the cycle to the emission. This suggests that the asymmetry and the redshift may be due, at least in part, to weak emission on the blueward side of the line core. On the other hand, asymmetries can be seen in stars with no other indication of emission such as UY Eri at phase 0.93. These may be the result of the velocity field in the photosphere.
Conclusions
Christy (1968) showed that when the envelope of a pulsational model begins expansion, a compression wave is driven into the star and reflects from the core. This echo may reappear in the outer envelope during the next cycle and produce a secondary bump in the velocity and light curves. Subsequently, Carson, Stothers, & Vermury (1981) constructed nonlinear models specifically for short-period type II Cepheids and found that, in addition to the bumps generated by the Christy mechanism, there were others related to shocks. In particular, a shock-generated bump appeared in some models during rising light, reminiscent of the AHB2 stars. This may account for the large differential velocities we observed and for the emission lines seen in the AHB2 stars. Thus, the behavior of the H profile is of interest in confirming the mechanism responsible for the light-curve bumps in these stars and potentially in providing constraints for the parameters of models of short-period type II Cepheids. It may also provide a basis for determining the basic stellar parameters of AHB2 stars from models and for distinguishing them from AHB1 and AHB3 models.
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